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ELECTROCHEMBTRY

HON E OIW ON NOBLE MAIS )

(A paper by Ernestina Paglia Dubini and Enrico Padula, presented
(**) by Livio Cambi, Member)

/'ollowing is a translation of an article in the Italian-
Tanguage periodical Rendiconti dell' Accademia Nazionale
dei Lincei (Class de Scienze fisiche, matematiche, e
naturalij (Reports of the Accadenia Nazionale dei Lincei,
Classes in the Physical, Mathematical and Natural Sciences),
Series VIII, Vol XXVIII, Fauc. 1, Jan 1960, pages 63-68._

1. The research on which we are reporting, as advised by
Professor L. Cambi, is an outgrowth of published inquiries into the
reactions between HON and certain noble metals in the presence of
oxygen, concentrating chiefly on Au and Hh.(1)

We have already referred to the Au/HON electrodes that were
establlahed in buffered hydrocyanic solutions of a given pH.

We were led to extend our experiments by the relative ease
of reproducing these electrodes, and the specificity of tbe_ poten-
tials, which differ from metal to metal.

The procedures we shall describe have to do with the follow-
ing metals: Hg, Au, Ag, Pt, and Pd.

Accurate interpretation of the processes for the electrodes in
4ueetion involves considerable difficulty. In this paper we shall ex.-
pl-in the experimental data which, so far as we know, have not yet
been publishecl by other authors. The hypothesis reuires further -
erperiment

2. The hydrocyanic electrodes we examined were constituttd cf
the metAl under consideration, insersed in the buffered solutions &t
a &Iver pH, and containing HCN in the concentrations indicated.

Rese).r:h performed at the Metallurgical Chemistry Center of the
-- boel eearch Council, Milan University.

A, tde eesrion of 16 Janury 1960.
(I L. Cambi, these "Reports," XXIV, 129 (1958); L. Cambi and
E. Faglia, idem, XXvI, 428 (1959)
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[ Rout of the toests were perttxun& with M.K$ &1. 0.5 nU/1I.

Aix vat er-loded. We workel in an Ar atmosphere; even the bstfer
W;WC VASaie wsPerforsedby ses oc 6loV C=rints Of SON in Ar.

The hrzrzvaIi eleztro~es were, in aJmnst every otto, p~aced
tpobb -to the &afriidruae eleatrodes, iu the saw bufer, mud we meaa-

-&fral the 6tod th e pairs~ E:P

fte waists we rod e teremalt of submtrstngth i--
dres patent& frcm the atf ofaipe. Table I showtes ptn
tia of the eleetrodes, in ecofthe stal ooasiteret, a ;a
Ct the V1.

It is generally known that ellaxuntioa of cagen frcs an electro
3$te la very 41f bait to sahie, tovea it the finest ezpelmataJ.
eqipait. - weflore, iu our work, too, it -Is pobably trazes of oxyge
that cusdthe relatively fast estOablmnt of the electrdeis, by sans
of semaes tbat rmgbt be diapesed as followt

2wk+ UMN+ (0)- 2)is~lJ+ %e0

We observed that the acimetal. intervention of Mdr, even In tmute
amzis onadly alter the potentials. GalA proved to be smt mmnaP.

t to oxygen, even In tUae axats; particulaly in the buffers with
lover VH, the potestlals oscillate between extras* m the order of 0.03
to 0.0kV, as we shall show later.

ne4Z ere established within 3 hcars, and
rearlnd svltieiently stable levtes Over loi7tint

the 4is xw Fin ire I shew fairly azcarttely that the bjfrocy-
ala lsct~es ehav fSe byoage eleetrodess tbey are in praetiaal-

ly Akrec proportion to the pA Invoited.

Men proportioality1_ factr, howaver, dftf w th the diffrent
tazz ws e *ast introluce a special dceffi talent for every single

vt&L, itich we ind$ate with I

Oan eWirical bisis, tin first process eousidered vw:

2 + i
k11 WhLH -- -4 +E l

2I



vlth as a solubility constant for mtallic cyanide. The equation ia
not astatactory, because it uJl imply a directly prcspozt tocal iea-tionship with the pH at a oonstant concentration of EN. The straight
lines In the diagram of Figue I are not parvalel.

Therefore we took the expression:

n) ~ ~+ fin3M 4 -tT

wkich can be simplified to

with MR! being onataut.

In eaLmicc, we find that the potentila act as If they cores-ponded to a process of type (A) above, but vith activity coefficient for
the[ V+] different fra I end specif ic for each metal.

Frus the angle of the staight lie in the diagram on Figure I,
ve .fin the foflowing vaMes:

a i8P

Pd. .............................. 10669

Ag . ...... 1.73.0
Pd ........ 1.667

- - ~- It is pnrtable that nrio proceses are tzvcd IpLaf , .. ..
an hwi a au-ative efftet cc it . We awe nt able to iefin these po.

f Casses at resent.

We also conaiered the effect of the forstin at cano-coolex
nawtivs Iona:

Buxt here again, the process as such woul imly the Identity of theproportionality coefficient to pg for suah caulex anits, and this does
not occu~r, as *an be sa frca the An and Ag electrodes.

vn leaving aside the estion of colex &ain foratia, the@oefflient is Aot in relation, at least directly, with the valmene the
wa taks on as a canide. The straigbt Lines for Ag and Pd in theFi- I are not paralel, altbAA ve my arn that both mt-a24 bewme bivalent.
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2'QAS mauasSSMfl Vw a e partiaaly. for
the B& ad Au electrodes ftusasmtion was cotducted at I50C a4 constant

V.Teresults amre h usI the graps on Figure 2. Wefit tbatth
patentia teal toward a J3azt value, beycad whiob thero is praetieafly
so vsariwia in response to Incsreased concentration, of EON.

This behavior i.a In lim with the restin34r low sensitivity of
thepotntilsto the WN concentration.

Alt&--i& mr1 eqorinnute have so taw been lltted to raury ad
r24A, we believe that probably the sataration factor in relation to the
Wotetials is General fmw ml the stale we, hare eaisanet thus far.

tast3lyr, the resalts we show ucec tith the tbeawy of adsorption

___at activation of the c~rtai ad on maray and &old, wbich wt

~.In the cas o rery, we also investigated the Infloece of
the Om'rtlaf Cg(CI) ,as Ohavr±Iaflgwre 3. WewVOfe at apAof

4.75 avd a EON eacen~trawin was 0.5 VOI/I eCatat.

'YOU note au Luvente lananee, with xrference to tae Potential
sips, of what we observed for ION (FIgmr 2), but een in tbe cast of

cyuM we tIn x sitlnarpboa of alwrnt total AnsensitIvIty to
theIn~wIn that 0a t icotm Mae aot 0.03 mml/1.

fte rnpqtn4~e~t we wked qt (Loa. * it.), pwhich
shIne a quatitave Propresion wit respect to I %2 it a eaioumnt
cf a 4ve V1 with Au ad Ag, and vitht a pure lqtroeyedc solution with
I&, tIm far sows no visible relatiatsbIp with the patetils atiocaed
above. ktom-cziAticn acording to the pattern

g 'OU} + 0 r4) 2 bl +'120
would sees to depend on specifi iwtter-reatlas betwas the mtA3. ad the

Mom-bed ~ ~ kytosn~ IA, rather tbfanon the etalrcamtcr .etlvity of the

The Petter"s of the ?Rdia4ptu for Au =t IS are Ouite diver-
gent, tile ect-ozISAtA by 14istlil for both.

5 , Our aswsm wer takenat run tapcatune, with the usual
wpparatus, with closed electrodes it a mwgon atmispere.

Mwe bItterImg solutions used were the vuua feflir awe:

bphtbaa o atefpoaas..... .2 X:E~'

!etr&aoA+AeofpotssIim.......... 0.01lK I9.l5
Solution Ot M01/15 N atA

a- , - 1 D0 .,. ..... .... 0.01M PI 9.2
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The reSultI are 3unvri, din the following tabhlz

Electrode

it' vclts 1 . 7 * ' i11 , .

k- LA. 0,14 , -,4j- ,12 " (,45
K 0, 13

F . .,4 . .- - -- 0 43

N---0,44

0,12 
11

-00,40

Ot0 0.RI-

+ 40, 27 
1 4

-------------------- <- 
I 

-

-I

I
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